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Description of pump and treat system performance, operating
procedures, and operational controls, as well as anticipated
monitoring activities, analytes, parameters, analytical
procedures, and quality assurance protocols.

Summaries of other related treatability testing elements,
including personnel and environment: health and safety controls,
process and secondary waste management and disposition, schedule,
and program organization.
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pump and treat, treatment at point of use/discharge, and physical or hydraulic
containment/control. Of these alternatives, pump and treat is considered to
be an appropriate interim action alternative, considering the IRM goal of risk
reduction. Pump and treat has been tentatively agreed upon by DOE, EPA, and
Ecology for pilot-scale testing at the 200-BP-5 Operable Unit as documented in
the Tri-Party Agreement (Ecology et al. 1989a) Change Control Form M-13-93-03,
dated September 30, 1993. This tentative agreement also requires the
preparation of an IRM Proposed Plan following completion of the pilot-scale
treatability test, and clarifies that the primary contaminants to be addressed
in the 200-BP-5 Operable Unit pilot-scale treatability test are ®°°Co, %°Sr,
¥1c, ¥Cs, and **%%py. Although the pilot-scale treatment system will be
specifically designed to remove these radionuclides, the system will also be
assessed for its effectiveness in removing secondary contaminants

(e.g., cyanide and nitrate) known to exist in the groundwater. Treated
groundwater will be returned to the aquifer within the boundary of the IRM
plume from which it was withdrawn.

Although pump and treat is generally considered to be a viable means of
reducing the mass of mobile contaminants in groundwater, numerous site-
specific factors may influence the effectiveness and selection of pump and
treat as an interim action alternative. The purpose of the treatability
testing described in this test plan will be to assess the ability to meet test
performance objectives, which include establishing effectiveness, operating
parameters, and resource needs associated with extracting and treating the
primary contaminants present in the 216-BY Cribs and the 216-B-5 Reverse Well
IRM plumes. The test will also serve as a proof-of-principle demonstration,
and establish engineering design values and functional costs to support the
selection of an effective treatment technology.

Following the treatability test, an IRM Proposed Plan will be prepared
to support an Interim Action Record of Decision (ROD) for the 216-BY Cribs and
216-B-5 Reverse Well IRM plumes. The IRM Proposed Plan will be supported by
the results of the treatability test and a qualitative risk assessment that
will focus on the IRM contaminants. The IRM Proposed Plan will develop and
evaluate a limited number of alternatives (e.g., pump and treat, hydraulic
control, no action). The need for additional treatability testing, field
characterization activities, or feasibility studies will be addressed in the
IRM Proposed Plan and/or the Interim Action ROD. Once issued, the Interim
Action ROD will address CERCLA standards, including satisfaction of applicable
or relevant and appropriate federal and state requirements (ARARs), pertinent
to implementing the required interim action(s). Any residual contamination
not addressed in the Interim Action ROD should be addressed in the final
remedy selection process.

It may be determined during treatability testing that pumping
groundwater would not efficiently achieve a significant amount of contaminant
mass reduction in the groundwater, thus indicating that the goal of an IRM,
risk reduction, may not be best achieved by a pump and treat interim action
alternative. Nevertheless, this treatability test plan anticipates the
performance of treatment system testing for groundwater removed from the
216-BY Cribs and 216-B-5 Reverse Well IRM plumes even though it is has not
been determined whether pumping groundwater will effectively remove a

200-BP-5 - 01/25/94 1-2
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significant contaminant mass. The overall rationale for this approach is
based on the following key reasons:

o Data on treatment effectiveness will be needed to st port the
evaluation of potential treatment technologies during development
of interim action al- -natives prior to a final IRM decision for
the 200-BP-. Oy -able Unit.

° Treatment system test results would be useable for other Hanford
Site response alternative evaluations by prov1d1ng effectiveness
data on similar contaminants 1d media (e.g., °°Sr present also in
N Springs groundwater).

° Groundwater pumped to the surface to assess the ability to extract
contaminants from the aquifer would be treated prior to return,
which is consistent with a bias for action and the goal of risk
reduction.

o Tri-Party Agreement (Ecology et al. 1989a) Change Control Form M-
13-93-03 (September 30, 1993) requires that this treatability test
plan "recommend treatability test(s) be performed for the most
viable technology(ies)". This requirement is satisfied by the
description of the anticipated treatment system testing provided
in this treatability 1 st plan.

This treatability test ..an describes laboratory- and pilot-scale
testing to be performed ¢ groundwater in the 200-BP-5 Operable Unit. The
approach is to conduct two, independent pilot-scale tests specific to the 216-
BY Cribs IRM plume and 216-B-5 Reverse Well IRM plume. This document provides
the purpose, scope, and objectives of the treatability testing; describes the
test Tocations; discusses the treatment technologies chosen for the tests;
describes the treatability test system design, operation, and monitoring; and
includes a test schedule. This treatability test plan is a secondary
document, as 1 is term is defined in the Tri-Party Agreement (Ecology et al.
1989a). Following the completion of treatability testing, a treatability test
report will be prepared summar:- .ng the results of this study. Treatability
testing is expected to be completed in ..J5.

1.1 PURPOSE AND SCOPE

Pilot-scale treatability testing has been identified as a principal
activity requit { to support an Interim Action ROD for the 200-BP-5 Operable
Unit by providing critical information regarding groundwater treatment. The
purposes of this pilot-scale treatability testing are

o To assess the performance of aboveground treatment systems with
respect to the removal of ®Co, *Sr, *Tc, '¥Cs, and %Py from
groundwater withdrawn from the 216-BY Cribs IRM plume and 216-B-5
Reverse Well IRM plume.

200-BP-5 - 01/25/94 1-3
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To assess the performance of groundwater pumping with respect to
the extraction of contaminant mass from the 216-BY Cribs IRM plume
and 216-B-5 Reverse Well IRM plume.

This treatability test plan focuses on conducting the above performance
assessments by gathering information on the effectiveness, operating
parameters, and resource needs of pilot-scale pump and treat systems developed
for the 216-BY Cribs IRM plume and 216-B-5 Reverse Well IRM plume.

The scope of this test plan includes the following:

Descriptions of the pump and treat systems to be tested at each of
the IRM plumes, and of the types of questions that must be
answered to determine the effectiveness of pump and treat.

Predictions, based on conceptual models of the 216-BY Cribs and
216-B-5 Reverse Well IRM plumes, of the ability to achieve
effective mass removal of contaminants from the IRM plumes.

Definition of test performance objectives and DQOs that will be
used to evaluate the effectiveness of the pump and treat systems.

Discussion of the treatment technologies to be tested.

A limited laboratory treatability test program to evaluate the
effectiveness of a limited number of different ion exchange resins
at removing the primary contaminants from 200-BP-5 Operable Unit
groundwater samples.

Development of process flows and conceptual designs for the pump
and treat systems, as well as equipment, fabrication, utility, and
setup needs for treatability testing.

Description of anticipated pump and treat system performance,
operating procedures, and operational controls.

Anticipated monitoring activities, sampling locations and
frequencies, analytes, parameters, analytical procedures, and
quality assurance protocols.

Description of personnel and environmental health and safety
controls, including safe management and disposition of process and
secondary waste streams.

Presentation of a schedule and program organization for performing
the treatability testing.

1.2 SITE DESCRIPTIONS AND CONTAMINANTS

In the 200 East Groundwater AAMSR (DOE-RL 1993a), recommendation of
contaminant plumes for interim actions involved consideration of an initial
risk-based screening as well as comparison of known contaminant concentrations
in groundwater against pertinent federal and state groundwater standards. The

200-BP-5 - 01/25/94
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The *°Co and **Tc plumes (Figure 1-3) are defined on the basis of data
from Wells 699-50-53A, 699-49-55A, 699-52-54, and 299-E33-7. These
contaminant plumes are believed to extend for some distance to the west and
south although well control is limited. In general, average *°Tc
concentrations range from about 1,000 to 19,169 pCi/L, with the highest
average *Tc concentration measured at Well 699-50-53A. The highest average
concentration for ®Co (about 440 pCi/L) also occurs at Well 699-50-53A, with
average %°Co concentrations ranging down to about 28 pCi/L.

1.2.2 216-B-5 Reverse Well IRM Plume

' The 216-B-5 Reverse Well IRM plume (Figure 1-4) is centered around the
216-B-5 Reverse Well, which is located about 1,000 ft northeast of the 221-B
Canyon Building and about 100 ft east of Baltimore Avenue (Figure 1-5).
Nearby facilities are the 216-B-9 Crib to the north and the 216-B-59 Retention
Basin to the southeast. The projected surface expanse of the *Sr, '*’Cs, and
239/240py nlumes encompasses a level, open, brushy, surface contamination zone
directly around the 216-B-5 Reverse Well, and a grassy uncontaminated area
nearby. Other than the 216-B-5 Reverse Well surface contamination zone and
risers associated with the 241-B-361 Settling Tank, 75 ft to the southwest, no
potential obstructions to the placement of a pilot-scale treatment system are
present.

The *°Sr, **’Cs, and 2*%?*°Ppy plumes (Figure 1-4) are defined on the basis
of data from Wells 299-E-28-7, 299-E-28-23, 299-E-28-24, and 299-E-28-25, and
the plumes are believed to be relatively well confined to a small area
centered around and slightly west of the 216-B-5 Reverse Well. In general,
average %°Sr concentrations range from about 76 to 5,149 pCi/L, with the
highest average %Sr concentration measured at Well 299-E28-25. Average '*’Cs
concentrations range from 10 to about 1,328 pCi/L, with the highest average
37Cs concentration measured at Well 299-E28-23. The highest average
concentration for 2%%24°py (about 69 pCi/L) also occurs at Well 299-E28-23,
with average 2%2%%py concentrations ranging down to nearly zero.

1.3 GROUNDWATER CONCEPTUAL MODELS

The groundwater conceptual models presented below for the 216-BY Cribs
and 216-B-5 Reverse Well IRM plumes include information about contaminant
sources, disposal practices, release mechanisms, affected media, exposure
routes of receptors, and aquifer characteristics. These conceptual models
were developed from data and information obtained from the 216-B-5 Reverse
Well Characterization Study (Smith 1980), the B Plant AAMSR (DOE-RL 1993b),
the 200 East Groundwater AAMSR (DOE-RL 1993a), the Hydrogeologic Model for
200 East Aggregate Area (Connelly et al. 1992), the Unconfined Aquifer
Hydrologic Test Data Package for the 200 Areas Groundwater Aggregate Area
Management Study (Newcomer et al. 1992), Groundwater Maps of the Hanford Site,
December 1992 (Kasza et al. 1993) and the Phase I Remedial Investigation
Report for 200-BP-1 Operable Unit (DOE-RL 1993c).

200-BP-5 - 01/25/94 1-6
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1993). The well is located just south of a subsurface structural basalt high
that extends above the current groundwater table north of the well. Wells
699-49-55A and 699-49-57A, located south and west of Well 699-50-53A, are
situated in a thicker portion of the unconfined aquifer. Based on the most
recent groundwater level measurements the saturated thickness is approximately
10 ft at Well 699-49-55A and about 9 ft at Well 699-49-57A. At both well
locations, the screened interval is reported in the drilling logs to be a
gravel unit above the top of the basalt.

Aquifer data in the vicinity of the 216-BY Cribs IRM plume is Timited.
However, based on the 200 East Groundwater AAMSR (DOE-RL 1993a), the hydri " ic
conductivity and transmissivity of 1 e aquifer is expected to be relatively
high. Specific information on well productivity and local water levels for
the 216-BY Cribs IRM plume groundwater will be gathered as part of the
treatability test.

Data presented in the 200 East Groundwater AAMSR (DOE-RL 1993a) suggests
there is little tendency for ®°Co and **Tc to sorb to the fine-grained soil
fraction in the Hanford formation. Cobalt-60 exists normally as a divalent
cation in acidic to mildly alkaline solutions and is prone to sorbing onto
soil via cation exchange. However, greater mobility is possible as ®Co can
form anion or neutral complexes. In particular, the association of ®°Co
complexing with cyanide has been pronnsed as a means of explaining the
observed mobility of ®°Co in the 216- ( Cribs IRM plume (DOE/RL 1993c).
Technetium-99 typically forms negative ions in oxidizing environments and does
not readily complex with other chemical species. Technetium-99 also has a low
soil-water distribution coefficient (K,). Consequently, there is little
tendency for **Tc to sorb to the Hanford Site sediments making the
radionuclide very mobile. Nitrate is a common byproduct from many of the past
chemical processes (e.g., uranium recovery). It is widespread since it is
highly soluble in water and forms a negative ion that is not easily adsorbed
to the soil.

Based on the above geochemical information and current plume geometry,
it is likely that ®Co, *°Tc, cyanide, and nitrate are relatively mobile in
saturated zone soils. These conclusions, in conjunction with the likelihood
of high aquifer conductivity, support a high probability that pumping the
216-BY Cribs IRM plume groundwater can result in the removal of a significant
contaminant mass. This treatability test plan discusses monitoring and other
activities that will be conducted during the pilot-scale pump and treat test
to confirm this expectation.

1.3.2 216-B-5 Reverse Well IRM Plume Conceptual Model

The 216-B-5 Reverse Well was drilled in late 1944 and became operational
as a low-level liquid waste disposal structure in April 1945. The reverse
well received about 8,100,000 gal of effluent that was discharged into the
groundwater before well abandonment on September 19, 1947. Included in the
waste streams was an estimated 4,275 gm of 2**2%°py, 3,800 Ci of Beta emitters,
76 Ci of %°Sr, 81 Ci of '’Cs, and 160 Ci of '"®Ru (Maxfield 1979). Some of
this material was retained (via gravity settling) in the 241-B-361 Settling
Tank located upstream from the reverse well, but an estimated 2,000 gm of

200-BP-5 - 01/25/94 1-8
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about 45 ft in the vicinity of the 216-B-5 Reverse Well. Flow direction is
difficult to determine because of the very flat gradient in the local water
table. Caggiano (1993) calculated a hydraulic gradient of 0.00006 in the
vicinity of the BX-BY tank farms, 2,000 ft northeast of the 216-B-5 Reverse
Well, with the flow being generally towards the northwest to north.

Aquifer transmissivity has been determined from data collected from a
constant discharge test at Well 299-E28-27 (Newcomer et al. 1992), located
approximately 2,200 ft northwest of the 216-B-5 Reverse we11 The
transmissivity was determined to be greater than 48,000 ft?/day, yielding an
equivalent hydraulic conductivity of greater than 4,800 ft/day (based on local
aquifer thickness). Connelly et al. (1992) shows the hydraulic conductivity
for the area around the 216-B-5 Reverse Well as ranging between 5,000 and
10,000 ft/day. Using a known hydraulic gradient of 0.00006 and a conservative
hydraulic conductivity value of 5,000 ft/day, and with an assumed effective
porosity of 20%, an average linear velocity of approximately 1.3 ft/day can be
calculated. This high velocity suggests that contaminants would tend to
migrate rapidly unless sorbed to soil particles or flow is otherwise retarded.

Based on information in Appendix A, the groundwater pH ranges between
6.4 and 9.0 at the 216-B-5 Reverse Well. Plutonium-239/240 possesses
significant sorption properties over a pH Jange of 4 to 8.5 in Hanford Site
soils (DOE/RL 1993c). Above a pH of 8, #%*%u is moderately mobile.
Strontium-90 exists as a divalent cation within the pH range of groundwater
(usually 6 to 8) and can sorb to Hanford Site soils by cation exchange over a
pH range down to about 4 to 5. Sorbtion is also dependent on
oxidation/reduction potential (eH); however, little information is available
on eH conditions in Hanford Site soils. In a saturated environment,
competition between *°Sr and calcium-rich wastes may lead to greater apparent
mobility for *°Sr. Cesium-137 exists as a monovalent cation within the range
of Hanford Site soil types and groundwater pH values and sorbs readily to
soils by ion exchange down to a pH of 3. Sorption is also dependent upon the
concentrat1ons of other cations, which may explain the greater apparent
mobility of '*’Cs at the 216-B- 5 Reverse Well.

Based on the ggochemica] information presented above, it is likely that
0sy, "¥Cs, and 2 Pu are sorbed to saturated zone soils and are relatively
immobile around the 216-B-5 Reverse Well. The evidence of a relatively high
hydraulic conduct1v1ty and groundwater flow rate implies adequate opportunity

existed for *Sr, '’Cs, and #**?*Py to have migrated. VYet their distribution
in the 9roundwater relative to their original disposal location indicates that
%5y, ¥’Cs, and “Ppy (Figures 1-6, 1-7, and 1-8) are not readily

transported in groundwater but reflect the equilibrium of soil sorbed
contaminants with groundwater. These conclusions support a high probability
that pumping the 216-B-5 Reverse Well IRM plume groundwater is not likely to
result in the extraction of significant contaminant mass.

This treatability test plan includes specific information needs and
activities (as discussed in Sections 2.0 and 3.0) to be addressed during the
pilot-scale pump and treat test to evaluate this conceptual model. The focus
will be to determine if groundwater pumping can effectively extract primary
contaminants present in the aquifer in the vicinity of the 216-B-5 Reverse
Well.

200-BP-5 - 01/25/94 1-10
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attenuation exceeds active treatment. The IRM should be discontinued if one
of these conditions is met, and any residual contamination should be addressed
in the final remedy selection process. This will be discussed in the IRM
Proposed Plan and Interim Action ROD to be developed following completion of
this pilot-scale treatability test program.

A pump and treat treatability test program should include an assessment
of potential limitations of the aquifer/contaminant system on the success of
pump and treat as an interim action alternative. These limitations generally
fall into two categories: hydraulic, which affect the ability to withdraw
contaminated groundwater from the aquifer at an effective pumping rate; and
physical/chemical, which affect the ability of pumped groundwater to carry
primary contaminants with it, thereby facilitating extraction of the
contaminants from the aquifer. The conceptual models of the 216-BY Cribs and
216-B-5 Reverse Well IRM plumes (Section 1.3) discussed the groundwater
conditions and aquifer properties expected for the respective
aquifer/contaminant systems. The following sections discuss the potential for
hydraulic and physical/chemical Timitations to be encountered for each of the
IRM plumes and, if limitations are anticipaied, methodologies for responding
to these potential limitations.

2. .1 216-BY Cribs IRM Plume Puii; and Treat Alternative

As discussed in the conceptual model for the 216-BY Cribs IRM plume
(Section 1.3.1), the primary contaminants in this IRM plume are very mobile,
which accounts for their presence so far from the probable source of the
contamination, the 216-BY Cribs. The only primary contaminant which does not
have an inherently high mobility, as pred1cted by low K, values (Table 1-2),

Co. However, this plume constituent is thought to be complexed with
ferrocyan1de in such a way that it is also very mob11e (DOE-RL 1993a). This
would account for the apparent high mobility of ®Co, as evidenced by its
presence far from the contamination source and its spatial a<ennjation with

the cyanide plume. This hit mobility indicates that the 2.. .. Cribs IRM
plume pr~ 'y cr—*-7inants ve with the groundwater. If the groundwater can
be withdrawn fr... _.1e aquiter through pumping, then it is expected that a

significant amount of the total (adsorbed and dissolved) primary contaminant
mass could also be brought to the surface to be treated.

One possible limitation for recovering primary contaminants from the
216-BY Cribs IRM plume is that the saturated thickness of the aquifer may be
constricted in the vicinity of the IRM plume. If this limitation exists, even
though the hydraulic conductivity is expected to be reasonably high, only a
limited amount of groundwater could be produced by pumping a given well in
this area. If this condition affects the ability to effectively extract a
significant contaminant mass from the aquifer, it may be necessary during
treatability testing to evaluate alternative wells, still in the central
portion of the IRM plume, and their utility for achieving a more efficient
pumping rate.

Methodology to address potenti: Tlimitations will Tikely include

hydraulic tests, such as well production tests, ar” stratigraphic
interpretation. Groundwater primary cont....nant concentrations will be

200-BP-5 - 01/25/94 2-2






OO0 N O WN =

DOE/RL-93-98
Draft A

well. In this event, concentrations would return to the historically higher
levels only by stopping the pumping and thereby allowing sufficient residence
time for the phase transformation (i.e., desorption and equilibration) to
occir between the inflowing groundwater in contact with the contaminated
aquifer soils.

It is the objective of contaminant extraction testing to determine the
feasibility of pump and treat technology to extract contaminants from - e
216-B-5 Reverse Well IRM plume. In addition to the ability to effectively
recover the primary contaminants from the aquifer materials in the 216-B-5
Reverse Well IRM plume, the hydraulics of removal (associated with the ability
to pump a sufficient quantity of groundwater) will need to be evaluated. This
will require development of aquifer parameters, which will be linked
inherently with the assessment of the ability to extract and recover the
primary contaminants. These assessments will require development of the
following:

. appropriate pumping regimes, including cycling times (periods of
pump shutdown time before restart oi pumping), pumping locations
(selection of wells), and ypumping rates

s suitable (optimized) 'ocation. for treated water return to the
aquifer
. an accurate intcroretaiion o the hydiogeologic system, inciuding

the Tikely need fus, a computer model, using a system such as
PORFLO3, of the hydrogeology and the contaminant transfer and
transport phenomena at the site.

After the extraction (and return) system is optimized, it will then be
appropriate to determine the long-range effectiveness of the pump and treat
alternative.

Methodology to address effectiveness of pump = | treat for the 216-B-5
Reverse Well IRM plume will 1likely include a number of hydraul”- tests, such
as pump tests and slug tests, and stratigraphic interpretation. Groundwater
primary contaminant concentrations will be monitored to assess effectiveness
of primary contaminant mass removal by the pilot-scale pump and treat system.
Test performance and DQOs associated with contaminant extraction testing are
addressed in Sections 3.1.2 and 3.2.2, respectively. Specific contaminant
extraction test activities, including test design, operation, and monitoring,
are described in Section 4.2.

2.2 TREATMENT TECHNOLOGY

Ion exchange will be implemented as the treatment technc gy for each of
the two IRM plumes in the 200-BP-5 Operable Unit pilot-scale groundwater
treatability test. Ion exchange is a unit process that removes dissolved
radioactive and nonradioactive ions (e.g., “°Co, *°Sr, *°Tc, '*’Cs, 23%/2%%py,
cyanide, and nitrate) from an aqueous solution (e.g., groundwater) by
exchanging the ions with complementary ions attached to sites on the surface
of an insoluble support material (typically, beads of synthetic organic
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final waste handling and disposal are straightforward opzrations. After spent
resin is transferred from the vessel and dewatered, it is expected to meet
low-level waste acceptance criteria for long-ter. storage and/or final
disposal. Facilities and expertise exist fo transferring, dewatering,
packaging, storing, and disposing of spent resin.

The mechanical simplicity of ion exchange techrology combined with the
ready availability of design expertise and standard equipment support
expeditious design, constiuction, and operation of pilot-scale ion exchange
treatment systems for the 216-BY Cribs and 216-B-5 Reverse Well IRM plumes.
Rapid deployment will be more consistent with achieving early risk reduction,
thus furthering the primary goal of the IRM. The project plan is to construct
skid-mounted systems that can be easily adapted to changes in test site
locations, groundwater conditions (e.g., flow rates, contaminant
concentrations), or treatability test DQOs.

2.2.2 Treatment Technology Description

Ion exchange resins will have a firnite cdsorpticn capacity for primary
contaminants, related to the number of avai:ablc ion exchange sites. A
distinct advantage of ion 2xchange is that re:in mcaufacturers have produced a
wide variety of rezins that can be very selective for targeted ion(s).
However, the primzvy ccntaminaiits still may have to compete with other iurs
found in grceundwater for these exchange sites. Because the conceitrations of
the primary contaminan®s arc several orders of magnitude iess than tho<2 of
other groundwater constituents (e.g., cyanides, nitrates, sulfates) in this
treatability test, competing ionic species may determine resin: exhaustion
rates.

When the resin is spent, breakthrough will occur. Breakthrough is the
point in the resin loading cycle when the concentration of any one of the
primary contaminants rises to a predetermined concentration in effluent from
the 1 ;in bed. In designing an ion exchange system it = important to selec’
resins which optimize adsorption of the primary contaminants and maximize the
time to breakthrough. This will be accomplished through laboratory testing as
described in Sections 3.0 and 4.0.

2.2.2.1 216-BY Cribs IRM Plume Treatment. Typically, an ion exchange
treatment system includes one or more pretreatment units to conc tion the
stream for optimum performance in the ion exchange unit. The pilot-scale
treatment system to be implemented for testing at the 216-BY Cribs IRM plume
will include filtration and pH adjustment units for pretreatment. Depending
on results of laboratory tests to be conducted as part of this treatability
test, the system may also include a pretreatment system for destroying
cyanide.

The chemical state of the ®Co in the 216-BY Cribs IRM plume is not
known with complete certainty. It may be present as simple cations or anions
that will adsorb readily onto cation or anion resin, respectively. However,
as discussed in Section 1.3.1, there is evidence that ®Co may exist in a
neutral complex with cyanide. The complexed state could pose potential
difficulties in treating ®Co using ion exchange. If laboratory-scale tests
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3.1.1 Treatment Test Performance Objectives

The primary test performance objcctive for ths pilot-scaie treatment
systems is to determ1ne the remova] efficiency that can be achieved for the
primary contaminants ° Co 2ad *°Te in groundwater extracted from the 216-BY
Cribs IRM plume, and *Sr, 'Cs, and %u in groundwater extracted from the
216-B-5 Reverse Well IRM plume. Test performance objectives are divided into
three categories: measurement of the effectiveness of ion exchange treatment;
assessment of parameters or factors influencing the ion exchange operation;
and determination of the resource needs associated with the test. Specific
objectives under each of the three categories include the following:

° Effectiveness

- Determine the effect1veness of the ion exchange system to
consistently remove ®°Co and %°Tc (or *°Sr, "*’Cs, and
239/230p,) from the groundwater.

- Ident1fy qytlmum/preferred ion exchange res1n£s) for
removing ®Co and *°*Tc (or *Sr, *’Cs, and 23%y).

- Assess the impact and removal o1 nitrate as a secondary
contaminant in both IRM piumes.

- Detersa if ®Cc in the 216-BY Cribs IRM plume is amenable
to ion exciange treatment. If ion exchange is not
effectlve determine if alkaline ch]or1nat1on can break the

Co/cyan1de complex and convert the %°Co amenable to
subsequent ion exchange.

- If cyanide destruction is required, assess design/operating
parameters associated with removal of cyanide as a secondary
contaminant of the 216-BY Cribs IRM plume.

o Operating Parameters

- Refine operational configurations, requirements, and
procedures.

- Assess impacts of groundwater constituents on operational
efficiency.

- Assess operating parameters (e.g., flow rates, chemical
doses, residence times, pH, oxidation/reduction potential)
to optimize treatment efficiency.

- Demonstrate operational reliability and safety of an ion

exchange-based treatment system at a scale sufficient to
allow scale up to a full-scale remedial system.
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- Develop a compnter model of local groundwater flow and
primary contar.inant phase transformation and transport in
ordzr to es*imate aquifer zid geochemical parameters and
predict Tung-*erm system performance.

. Resource Requirements

- Develop estimates of significant cost contributors,
including electrical costs of pumping. installation of
additional wells, technical personnel time to interpret
process effectiveness, and analytical costs.

3.2 DATA QUALITY OBJECTIVES

According to the EPA document Data Quality Objectives for Remedial
Response Activities (EPA 1987) and as developed in the 200 Ea: Groundwater
AAMSR (DOE-RL 1993a), DQOs are qualitative and quantitative statements that
specify the quality of data required to suoport remedial action decisions.
DQO0s are determined based on the end uses ¢ the data to be collected. The
end use of the treatability studv data is to sunport tie evaluation of
alternatives that wii: be includec in the IRM Proposed Pian. To ensure thau
Cata collected are of sufficient quaiitv to evaluite the 1on exchange
trectment system, DQOs were developed. <“xpected uc2rs of the test data
include *he following:

° DOE, EPA, and Ecology remedial project managers

] DOE, EPA, and Ecology unit managers

. Westinghouse Hanford Company (WHC) remedial investigation
coordinators.
S i 3 71 1 3.2.2 discuss DQO0s for the treatment testin and the

contaminant extraction testing, respectively. Analytical levels specified
this test plan are based on McCain and Johnson (1990). The DQOs will be
provided in the sampling and analysis final plan being developed for the
treatability test. These DQOs may be refined as the test equipment design and
laboratory testing are completed.

3.2.1 Treatment Data Quality Objectives

The importance and ramifications of the remedial decisions that will be
made and supported using the treatability test data form the basis for
defining appropriate DQOs. Because the data will be used to support the
remedy selection process for an interim action, DQOs were defined that are
less rigorous than those required to support final remedial decisions or
remedial designs.

Data to assess treatment effectiveness and costs are considered critical
to meeting the test objectives and require quantification with quality control
checks (e.g., sample replication). The assessment of operating parameters
will primarily support design optimization, which is considered to be less
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modeling groundwater flow and contaminant migration over time. The schedule
for this work is presented in Section 7.0. The following sections discuss the
candidate wells and site cznditions pertinent to these criteria.

4.1.1 216-BY Cribs IRM Plume Test Wells

Well construction data and groundwater levels are reported in Table 4-1
for 16 wells penetrating the unconfined aquifer north of the 200 East Area.
The wells are spread across an area of approximately 4.5 mi? within the
northern half of the 200-BP-5 Operable Unit and well spacings usually exceed
2,000 ft. Since, based on available data, there is no instance where wells
are close enough to pair up for withdrawal and recirculation, construction of
new wells may be required.

As shown in Figure 1-3, there are only a few monitoring wells within the
216-BY Cribs IRM plume. The list of primary contaminant concentrations for
each well within the plume (Table 1-1) indicates that Well 699-50-53A has the
highest aggregate concentration of primary contaminants, followed by Wells
699-49-55A, 699-49-57A and 699-52-54. Most wells within the 216-BY Cribs IRM
plume boundaries have been inspected and remediated within the last 3 years.
There are no records of aqu:fer tests during well completion or recent well
remediation.

Table 4-1 reports aquifer thickness cdata at the candidate we’ s based on
water level monitoring from ine and Septemb=r 1993. Well 699-52-54 has dried
up and Well 699-50-53A has less than a 1.0 ft thickness of saturated
sediments. Further to the south and west, the aquifer thickens to about 9 ft
at both Well 299-E33-7 and 699-49-57A and to 10 ft at Well 699-49-55A.

Based on the above information, Well 699-49-55A is the preferred well
for groundwater withdrawal. Despite lower concentrations for the primary
contaminants than exists at Well 699-50-53A, the greater thickness of
saturated sediment increases the chances for satisfactory = ig-term
treatability testing when compared to Well 699-50-53A. Well 699-49-57A is
considered to be a backup site. Well 299-E33-7 is not recommended as a
treatment test site due to its proximity to the 200-BP-1 Operable Unit and
upcoming barrier test projects. Construction data indicates that Well 699-49-
55A is constructed with a 15-ft length of 6-in. diameter, 0.03-in. slot size,
telescoped screening, installed at the top of basalt.

The nearest significant groundwater contamination is a *°Sr plume
associated with the stabilized 216-A-25 Gable Mountain pond site located
approximately 4,000 ft to the northeast, on the north side of the basalt high.
It is expected to be unaffected by the low pumping rates from the 216-BY Cribs
IRM plume treatability test.

Several options to remediate candidate wells can be considered. Wells
can be deepened 5 to 10 ft into the basalt to provide a sump for pumping.
Alternately, the present wells may be used as recirculation points for new
extraction wells drilled into potentially thicker zones of the aquifer. New
wells also offer a chance to more clearly define the extent of the plume.
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model in Section 1.3.1); however, operational monitoring procedures for the
pilot-scale pump and treat system will be used to verify contaminant
extraction effectiveness. The contaminant extracticn testing described below
is designed to test the ability of groundwater pumping to effectively extract
8ogr, ¥7Cs, and 29%%y fron the 216-B-5 Reverse Well IRM plume. The
conceptual model describing cec:icaminant distribution is presented in Section
1.3.2. Test performance objectives and DQOs are discussed in Sections 3.1.2
and 3.2.2, respectively. Extraction effectiveness testing will be carried
out, if possible, as part of initial operational testing of the pilot-scale
pump and treat system for the 216-B-5 Reverse Well IRM plume.

Test-specific equipment needs, final test design and test operating
procedures will be specified in follow on Description of Work level documents.
These documents will be developed prior to initiation of testing and will
include test equipment design specifications, test operating procedures, and a
test sampling and analysis plan and quality assurance project plan. These
documents are described in Section 5.0 of this treatability test plan.

4,2.1 Contaminant Extraction Test Design

The 216-B-5 Reverse Well IRM plume contaminant extraction test is
designed to deternmine the ability to extract primary contaminants from the
aquifer (and consequently be treated by the pilot-scale ireatment system).
This will be accomplish-* by pumping groundwater from the w11 (or wells;
which the highest primary cur:aminant concentrations have been detected,
monitoring indicator parameters, and when indicator parameters have been
reduced to a pre-determined level or are not showing further reduction,
ceasing pumping and allowing sorbed contaminants still in the saturated zone
to re-equilibrate with groundwater. Initial data will be used to refine a
plume model and optimize follow-on test pump cycles. Wells in the 216-B-5
Reverse Well IRM plume (as described in Section 4.1) are expected to provide
sufficient groundwater production (which will be confirmed by well production
testing prior to initiation of pilot-scale treatment) and a representative
sample of groundwater from the uppermost unconfined aquifer. Table 4-2 gives
construction data for wells in the vicinity of the test site. Final well
selection will take place following well production tests and will be
specified in test procedures developed in follow-on documents. Results of
this contaminant extraction test will be used to refine well design for
full-scale pump and treat systems in the 216-B-5 Reverse Well IRM plume.

4.2.2 Contaminant Extraction Test Operation

Groundwater will be extracted from Well 299-E28-23 (the well in the
vicinity of the test site with highest observed primary contaminant
concentrations) at a rate of 10 to 20 gal/min. For the first test cycle, the
pumping rate will be consistent with the anticipated design treatment capacity
of the pilot-scale treatment system. Pumping rates in subsequent test cycles
may be increased to test the ability to extract primary contaminants more
rapidly and to assess the effect of increased groundwater withdrawal flow
rates on contaminant concentrations. According to the conceptual model
(Section 1.3.2), primary contaminant concentrations are expected to decrease
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gross alpha, gross beta, and spectral gamma characteristics. Additional
samples will be taken at cessation of pumping, at 6-hour intervals or the
first 24 hours, and at 12-hon: intervals cubsequently for confirmatory
laboratory analysis (Level! iII or Level V). The wells will be monitored
initially for a time pe:iod equal to the duration of the ump test or until
primary contaminant iudicator parameters have returned to original levels.
Initial data will be evaluated at the end of that time and the need for
additional monitoring determined. At a point to be determined, the pumping
well will be changed to establish primary contaminant response at another
location.

Extraction effectiveness test results will be used to determine the
effect of the following variables on primary contaminant equilibria in the
aquifer:

duration of pumping

rate of pumping

duration of re-equilibration period
location of pumping

cumulative effects of pumping (hysterasis)
location of recharge.

Tast data will be used 1o (2velop a *hree dimensiconal numerical model of
piume aquifer response and contaminant adsory:ion/desarbiion rates as affected
by ¢roundwater withdraiial. This model will be calibraicd using initizl test
data, and used tc develop Ta2linw-on test parameter: and o;f:mize primary
contaminant extraction. Folliow-on data will subsequently be used to revise
the model and further optimize contaminant extraction.

4.3 TREATMENT TEST

4.3.1 Laboratory Treatability Testing

Laboratory treatability tests will be completed to provide information
for the evaluation and selection of one or more jon exchange resins effective
in removing the primary contaminants ®°Co, %°Sr, *°Tc, '*’Cs, and #?*°py. The
laboratory tests will also assess resin performance for the removal of
secondary contaminants, including cyanide and nitrate. The selected or
preferred resin(s) must have a high affinity for removing primary contaminants
from the groundwater over the anticipated pH range, should demonstrate rapid
adsorption of the primary contaminants, and not impose a high pressure drop
due to small particle size in a column flow operation. A resin or combination
of resins will be selected for each of the two IRM plumes based on the results
of these tests. The laboratory treatability testing will be performed
according to procedures developed by the chemist to fit the contaminant levels
and type of resin available. The specific laboratory test procedures will be
included in the sampling and analysis plan and quality assurance project plan
as described in Section 5.0.
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the ion exchange system fcr removal of %°Sr, '*Cs, and 2*%?*°py (or ®Co and
#7¢) and finally to an effluent storage tank. The effluent storage tank will

be used to transfer the trcaced groundwater to the aquifer return well ac

rates similar to the withdrawal well on a continuous basis. In addition, if

it is determined that “nhe treated effluent does not meet test cbjectives

(i.e., 90% removal of primary contaminants), the groundwater can be returned
or additional treatment.

A fili ation unit will be incorporated as a pretreatment technology to
remove suspended solids contained in the groundwater before it enters the
leading ion exchange bed. This pretreatment will minimize - e potential for
any inert and/or biologically active suspended solids to accumulate on the
resin surface, masking the exchange sites, and resulting in loss of exchange
efficiency. It will also minimize the potential for solids to plug the void
spaces among the beads of resin and restrict flow through the bed.
Furthermore, because many of the constiuents in Hanford Site groundwater have
an affinity for the soil, there is the potential for removing contamination
associated with the inert, suspended solids.

The filtration units will use oressure generated by the system pump(s)
to drive groundwater tirough cartridys: containing a membrane matrix with
extremely fine pores that <ill trap pariiculates. Trapped partict aies wil]
be removed from the treatment system by pxriodir roplacement of dirty {ilter
cartridges with clean ones. Dirty cartridges w 1 be dried and then packaged
appropriately for disposal as secondary wasto,

Ion exchange is a technology that removes 1ons from solution by
adsorption on a solid media (i.e., resin). When groundwater flows through an
ion exchange column, ionic species in groundwater exchange with ions on the
media until equilibrium is attained or a predetermined percent breakthrough of
a primary contaminant is achieved. Ion exchange resins have a finite
adson9t1on capac1ty based on available exchange sites on the resin. Cobalt-

Sr, %Tc, "Cs, and 23%2%°py may compete with other ions found in
groundwater for these exchange sites. The ion exchange resins that will be
used for this treatability study will be selected for their ability to
selectively adsorb the primary contaminants. However, because the
radionuclide concentrations are several orders of magnitude below those of - e
major ionic species (e.g., nitrates and sulfates), compounds other than the
primary contaminants may determine resin exhaustion rates. When the resin is

"spent” (exceeds its adsorpt1on capacity), breakthrough or detection of
primary contaminants in the column effluent will occur. At that »int, the
spent resin will require replacement. During the treatability test, spent
resin will be replaced rather than regenerated to eliminate the volume of
aqueous secondary wastes that would result from a regeneration cycle.

The 216-BY Cribs IRM plume treatment system will consist of an ion
exchange treatment system (Figure 4-1) that includes two downflow, pressurized
ion exchange columns operated in series. Effluent from the leading ion
exchange bed will e monitored for breakthrough. Consistent effluent quality
will be ensured by passing the effluent from the Teading ion exchange bed
through the downstream (lagging) polishing bed. When breakthrough is reached,
the flow of _ ‘oundwater will be diverted to a third, spare column containing
fresh ion exchange resin. The column containing the spent ion exchange resin
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Groundwater will be withdrawn from the selected wells using submersible
pumps. The pumps will convey groundwater to an influent stocrage tank within
25 ft of the treatment plant location. The groundwater ;umps will operate
automatically to fill the storage tank on an as neede basis. The groundwater
extraction system will operate independently of the creatment system and may
have to operate continuously if the treatment low rate exceeds the capacity
of the withdrawal well. Controls will Ze instailed in the influent storage
tank to start and stop the withdrawa® pump based on the tank level.

Treated groundwater will be stored in an effluent storage tank prior to
return to the aquifer. The treated water will be pumped from the storage tank
to the return well. The pump will be auton :ically controlled using level
controls in the effluent tank. The groundwater return system will operate
independently from the treatment system and may be required to operate
continuously if the treatment flow rate exceeds the capacity of the return
well.

The ion exchange treatment process for removing %°Sr, '¥’Cs, and #**?*°py
from groundwater extracted from the 216-B-5 Reverse Well IRM plume wi 1 be
confiaured essentialiy the same as the process fc- treating groundwater from
the ¢ 5 RY Cribs IRM piune. Specifically, the treatment system will include
the basic ion exchange unit as weil as the pH adjustmcot and filtration
prati2atment steps described above. However, depending on tie result of
laboratory tests, differest <on exchange res1n(s) may be used i« prov:de

enhanced selectivity for %sv. %25, and ™%y, Also, it is net anticio=ted
that any pretreatment will be v~auired beyond the pH adjustment,
neutralization, and filtration steps. Since no ionic complexing is evident
for primary contaminants in the 216-B-5 Reverse Well IRM plume, pretreament to
break chemical complexes (such as cyanide destruction) is not anticipated.

4.3.2.2 Pilot-Plant Treatment Equipment. Treatment plant equipment will be
mounted on skids to enable transportation by flat bed truck to the proposed
test sites. Individual skids will be constructed for each of the proposed ion
exchange systems, and the cyanide destruction system, if used.

For each of the two sites, influent groundwater will be filtered for
suspended solids removal using cartridge filters prior to the ion exchange
system. The feed pumps to the system will be interlocked with levels in the
influent and effluent tanks to prevent tank overflow and protect the pumps. A
flow indicating totalizer will be used to monitor the processing flow rate to
the plant. Cartridge filters will be used to filter the effluent to remove
any suspended solids formed in the process.

The ion exchange system(s) will be piped to allow for series or par: lel
flow. Each ion exchange column will be sized for a minimum empty bed contact
time of 8 minutes. Differential pressure indicators will be installed to
measure the pressure drop across each ion exchange column.

If pH adjustment of the ion exchange feed is required, then a
neutralization system will also be required to adjust the pH of the treated
effluent back to neutral before discharge to the effluent storage tank. The
pH adjustment and neutralization systems would consist of chemical storage
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leakage and drippage will be contained and returned to the treatment system or
to the influent storage tank.

4.3.3 Pilot-Scale Treatability Test Opcration

4.3.3.1 Pilot-Scale Fabricstion and Set-Up. The skid-mounted treatment
plants and equipment will be fibricated in Hanford Site shops or will be
procured directly from vendors. At the completion of the detailed design, the
procurement of treatment plant components will be initiated. System
components will be selected and/or shop fabricated to be in conformance with
relevant Occupational Safety and Health Administration and National Electrical
Code standards to minimize the need for modifications in the field.
Components will be mounted on skids to allow for easy transportation to the
test site and to minimize test site preparation requirements. Prior to
transportation to the test sites, acceptance tests will be performed on the
system. Acceptance test procedures will be prepared in accordance with WHC
Standard Engineering Practices (WHC-CM-6-1, Appendix M, WHC 1988a).

Prior to startup of the plants, 2 realiness review will be performed
using the process desccribed in Environmental Investigation Instruction (EII)
. 13, Environmental Reac'iness Review (WHC 1588b;  Com;leting the readiness
revizw and other pre-tesi activities and chec:list: wili lead to the start of
the treatability tasts, and meet the Tri-Party Agreenant Milestone M-12-06A,
"Initiate pilot-s:ale ;imp and treatment operations fuv 200-p>-< Operable 'Init
30 days after the ,-zatav:lity Test Plan is approved buv no soonci than
August 31, 1994."

4.3.3.2 Operation. The treatability test plan has been developed and the
pilot-scale plants designed to allow for modifications in response to test
observations and process monitoring results. Modifications may include
changes in the operating parameters, plant configuration, or selected resin.

Standard operating procedures will be prepared for the pilot-scale test.
The treatment system will be operated for approximately 6 hr/day during the
course of the pilot test program. While the treatment system is operating, an
operator will remain onsite to monitor the process. Operation of the
groundwater extraction and return systems will not be tied directly to that of
the treatment system. Groundwater extraction and return will be automated for
safety shutdowns and will operate continuously, and without constant operator
oversight.

Data on the effectiveness of the treatment process will be collected
throughout the test program. If the plant does not achieve the desired
treatment levels, operating parameters will be changed or the plant will be
modified until treatment is either successful or is determined to be
ineffective. The successful demonstration of the treatment system
effectiveness implies that primary contaminants continue to be detected in the
groundwater influent to the pilot plant.

Full evaluation of the treatability test will require that the ion

exchange columns be operated to breakthrough so that an estimate of the
adsorption capacities of the ion exchange resin(s) for ®Co, *Sr, *9Tc, '*'Cs,
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Field testing will generate secondary wastes primarily through the
replacement of filter cartridges and spent resins. Aqueous wastes will be
treated by the pilot plant. A’" other wastes, will be disposed of per WHC
policy for onsite disposal ‘ccording to waste type (WHC 1988a).

4.3.4 Pilot-Scale Treatability Test Monitoring

A considerable sampling program will be required during the pilot-scale
treatability tests. The amount of sampling will be determined by the final
treatment system configuration. The monitoring requirements fall into two
distinct areas: process monitoring and groundwater monitoring. The DQOs
presented in Section 3.2 will be further refined to direct sampling.

4.3.4.1 Process Monitoring. Process monitoring will be performed to control
and operate the treatment process and to gather performance data. The
effectiveness of the treatment system will be primarily demonstrated through
laboratory Level III and V chemical analyses of process samples. Samples from
the plant influent and effluent, and the influent and effluent from the lead
jon exchange column wiii be taken. For the two sites ®Co, *°Sr, **Tc, '*Cs,
and 2Py will be the primary contaminants of concern. Additionally,
secondary contaminants, such as n-trates and cyanide, will be monitored, Ltt
1ess frequently. Operating par-ameters such as pH, oxidation/reduction
porvential, temperature, turbidity, specific conductance, and alkalinity will
alco be monitored because of their potential 1w..~t on the treatment process.
The frequency of sampling wi | be relatea to the chserved rate of change of
contaminant concentrations in the untreated groundwater, and the estimated
breakthrough times for the ion exchange columns. Section 5.0 of this test
plan provides for the preparation of a process sampling and analysis plan and
a quality assurance project plan.

'In addition to laboratory Level III and V chemical analyses to determine
treatment effectiveness, process monitoring will be performed using field
screening analysis to provide quick turnaround times. Online monitors will be
used whenever possible. Radiation monitors will be used throughout - : test
to refine operational procedures and specify personnel protective equipment.

Pressure drops across ion exchange beds will be monitored throughout the
tests to assess the buildup of suspended solids on the resin and the need for
backwashing. Solids generation and accumulation in different parts of the
plant will be documented. An accounting of all secondary waste generation
will be made. Maintenance during operation of the pilot plant will be
documented. Chemical addition rates and volumes will also be documented. The
volume of groundwater pumped to the treatment train and returned into the
aquifer will be measured with flowmeters.

4.3.4.2 Groundwater Monitoring. Field activit ; will be conducted to
monitor impacts of the pilot-scale test to the local upper unconfined aquifer.
Monitoring activities include water table level measurements and groundwater
sampling for chemical analyses.
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7.0 SCHEDU

Figure 7- =+hows the schec le for planiing ar. performing the
laboratory-scale tests and field pilot-scaie treatability tests for each est
site. The planned start of the pilot-s:ale treatment testing is Auqust 31,
1994 pending approval of this treatability test plan. This schedu” is
contingent on demonstrating adeauat w« | ca] :ity, approval of the well
recol :ndations and waste contrc¢ plan, and addressing all safety concerns.
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8.0 PROGRAM ORGANIZATION

igure 8-1 shows the organization * perferming 211 phases of the

pilot-scale ite Tity tests. MWestinghouse Hanford ¢ pany Environmental
Restor ion ineering will have direct responsibiiity tor the planning,
execut 1, ana evaluation of the = rato and field tests. Other WHC
organ- :ions will | used for various aspects of drilling and sampling
activities.
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APPENDIX A
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CONSTITUENTS WITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88

Constituent Name

Sodium, filtered
Specific conductance
Strontium, filtered
Strontium-90
Sulfate
Technetium-99
Temperature, field
Tin, filtered

Total Carbon

Total Organic Carbon
Total Organic Halogen
Trichloroethene
Tritium

Uranium

Jranium

Urs.. um-234
Uranium-235
Uranium-23¢
Yanadium

Vanadium, filtered
Zinc

Zinc, filtered

pH

Aluminum
Americium-241
Ant imony
Barium
Beryllium
Bromide
Cadmium
Calcium
Cesium-137
Chloride
Chloride
Chromium
Cobalt
Cobalt-60
Copper
Fluoride
Fluoride
Fluorine
Gress alpha
Gross bets

;!

2333 %

23

ERRIRERRRRENR
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G — — — — — t— — — i T — — — — —— — —— — —— — —

Re<.
Averr/ge

21250.0
319.3
132.3

4636.7
31000.0
66.9
17.6
65.0

22400.0

733.8
14.6
.2
6523.2
22.2
24.5
9.1
.3
7.1
19.0
22.0
19.0
7.0
8.1

140000.0
.6

110.0
1400.0
8.3
450.0
300.0
180000.0
112.6
193250.0
202.0
770.0
220.0
1.8
850.0
2500.0
1.4
2200.0
152.0
306.4

.ts Suwmary

Minimm  Maximum

19400.0
296.0
127.0
284.0

27800.0

21.9
16.7
30.0

20500.0

400.0
9.0
.2
3160.0
1.5
17.2
8.5
.2 .
2.9
19.0
17.0
19.0
5.0
7.7

140000.0
.6

110.0
1400.0
8.3
400.0
300.6
180000.0
.1
180000.0
202.0
770.0
220.0

.1
850.0
2300.0
1.4
2200.0
A

252.0

140000

110
1400

500
300
180000
633
200000
202

220

850

2700

1250
349
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299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299 -E28-25
299-Ee. - 75
299-E28-2%
299-E28-25
299-28-2¢
2y9-E28-25
299-£23-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25
299-E28-25

‘E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-E28-7
299-£28-7
299-E28-7
299-E28-7
299-E28-7

Constituent Name

Manganese

Nickel

Nitrate

Nitrite
Phosphate
Plutonium-238
Plutonium-239/40
Potassium
Ruthenium-106
Sodium

Specific conductance

Strontium-90
Sulfate

Temcerature, field
Total Organic Carbon
Total O-ganic Halogen

Tritium
Uraaum
dranium
Uranium-234
Uranium-235
Uranium-238
Vanadium
Zinc

pH

Acetone
Alkalinity
Aluminum
Barium
Cadmium
Calcium
Cesium-137
Chloride
Chromium
Cobalt-60
Fluoride
Fluorine
Gross alpha
Gross beta
lodine-129
1ron
Kagnesium
Manganese
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CONSTITUENTS WITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88

8

pCi/L
170

BRERRR L8R

332

A-4

fesults Summary

Averz,e

220.0
44,0
8925.0
119.1
273.5
.1

27.5
5600.0
9.4
22000.0
316.9
5148.6
29600.0
16.8
700.0
L5
3994.u
15.1

N

O v
o

140.0
96600.0
304.0
53.0
9.0
32400.0
4.0
16750.0
10.0
3.7
550.0
500.0
1.9
148.0
1.0
15800.0
10300.0
259.0

Hinimum

220.0
44.0
7200.0
38.3
147.0
.0

1.1
5600.0
1
22000.0
285.0
3150.0
28400.0
14.6
700.0
1.0
2070.0
T7
>0
5.4

.2

5.2
39.0
180.0
6.4

140.0
96600.0
304.0
53.0
9.0
32400.0

11000.0
10.0

500.0
500.0

116.0
.8
15800.0
10300.0
259.0

*4aximum

140
96600
304
53

32400

22000
10

10
600
500

218

15800

10300
259
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CONSTITUENTS WITH AT LEAST ONE DETECTED VALUE SINCE 1/1/88

Consiituen Ve -

..........................

Chloride

Chromium

Chromium, filtered

Cobalt '

Cobalt, filtered

Cobalt-60

Copper

Copper, filtered

Cyanide

Fluoride

Gross alpha

tross beta

Todine-129

Iron

Iron, filtered

Lead

Lead, filtered
gresium

Magnesium, filtered

Manganese

Manganese, filtered

Mercury

Mercury, filtered

Methylene chloride

Nickel

Nickel, filtered

Nitrate

Nitrate

Potassium

Potassium, filtered

Ruthenium-106

Selenium

Selenium, filtered

Silver

Silver, filtered

Sodium

Sodium, filtered

Specific conductance

Strontium-90

Sulfate

Sulfate

Technetium-99

Temperature, field

Thallium

Thallium, filtered

200-BP-6 - 01/25/94

~
-

E3RIRRRRRLY

§2e

183

38 _B¥BIRERYET

RS R SR RE Y

113

Recutts Suwr.ry

Average

5.3
20.7
11.4

6.0

3.5
46.8

9.5

5.3
33.5

1100.0

2.5

491.3

279.0
41.4
2.2
2.0
<3405.0
I IO
5.2
2.3

3

3

3.0
12.5
6.5

.0
129.0
6154.3
5890.0
8.5
1.9

1.5
5.8
4.0
27850.0
28800.0
413.7
.8
34000.0
36.0
2617.2
17.8
6.2
3.5

Miri-.um

28.6
1100.0
2.5
312.0

T2
37.0
2.0

2.0
830
10800.0
2.0

2.0

.2

.3

3.0

7.0

6.0
-.-00.0
129.0
4590.0
5890.0
A

1.0

1.0

4.0
4.0
21200.0
28100.0
360.0
.1
34000.0
36.0
3.2
171
2.0

2.0
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119000
129
6970
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Resulte LGumme. y Analysis Summary

Well Constituent Neme ets Average dinirzam  Maximum Total > D.L.
699-49-55A Ant imony-125 pCi/L | 3.7 .1 12 | 5 4
699-49-55A Arsenic ppb | 5.9 2.0 7 | 1 1"
699-49-55A Arsenic, filtered ppb | 5.5 5.0 6 | 5 4
699-49-55A Barium ppb I 31.8 26.6 38 I 11 1
699-49-55A Barium, filtered ppb | 38.5 32.0 45 | 9 9
699-49-55A Benzene ppb | 6.3 5.0 10 | 4 2
699-49-55A Beryllium ppb | 1.0 1.0 1 ] 7 6
699-49-55A Beryllium, filtered ppb | 3.7 1.0 5 | 6 4
699-49-55A Bis(2-ethylhexyl) phthalate ppb I 3.0 3.0 3| 1 1
699-49-55A Bis(chloromethyl) ether ppb | 10.0 10.0 10 | 2 1
699-49-55A Boron, filtered ppb | 21.3 19.0 24 3 3
4£99-49-52A Bromide ppb | 642.5 70.0 1000 | & 2
659-49-55A Bi cmoacetone ppb | 10.0 10.0 10 | 2 *
699-49-55A romc-.ichlorom chane ppb | 7.5 .0 10 | 2 1
699-49-55A Bi -mofor. ppb | 8.8 5.0 10 | g 2
699-49-55A Cacdmium ppb ] [ 3.0 7 7 6
699-49-55A Codmium, filte d ppb l 2.7 2.0 “ g 5
059-49-55A tei ~ob | 52856.7 46000.0 58200 12 12
699-49-55A Calcium, filtered N9 | 1e36.4 54000.0 99200 | 1

699-49-55A Carbon disulfide ppb | 8.0 2.0 10 I 4 2
699-49-55A Carbon tetrachloride ppb l 6.3 5.0 10 ] 4 2
699-49-55A Cesium-137 pCi/L | 5 .1 5 | 15 13
699-49-55A Chloride ppb I 12500.0 10700.0 15200 l 11 11
699-49-55A Chloride ppm | 11.9 11.9 12 | 1 1
699-49-55A Chlorobenzene ppb | 8.8 5.0 10 | 4 2
699-49-55A Chloroethane ppb | 10.0 10.0 10 | 2 1
699-49-55A Chloroform ppb | 6.3 5.0 10 ' 4 2
699-49-55A Chloromethyl methyl ether ppb | 10.0 10.0 10 | 2 1
699-49-55A Chromium ppb | 23.5 6.0 112 | 12 11
699-49-55A Chromium, filte ppb | 7.9 3.5 10 | [ 4
699-49-55A Cobalt ppb l 7.7 4.0 10 I 7 6
699-49-55A Cobalt, filtered ppb | 6.0 4.0 8 | 2 1
699-49-55A Cobalt-60 pCi/L { 78.0 .1 222 | 15 15
699-49-55A Copper ppb | 8.1 6.0 10 I 7 é
699-49-55A Copper, filtered pob I 8.8 6.0 10 | 6 4
699-49-55A Crotonaldehyde ppb | 10.0 10.0 10 I 1
699-49-55A Cyanide ppb I 73.8 10.0 247 | 26 22
699-49-55A Cysnide, filtered ppb | 95.5 10.0 247 | 17 16
699-49-55A Dibremoch(oromethane peb | 7.5 5.0 10 | 2 1
699-49-55A Dibromomethane PPb | 10.0 10.0 10 | 2 1
699-49-55A Dichlorodifluoromethane peb | 10.0 10.0 10 | 2 1
699-49-55A Diethylarsine ppb | 10.0 10.0 10 | 2 1
699-49-55A Ethyl methacrylate ppb [ 10.0 10.0 10 [ 2 1
699-49-55A Ethylbenzene ppb | 7.5 5.0 10 | 2 1
699-49-55A Ethylene oxide ppb | 3000.0 3000.0 3000 | 2 1
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Results Summcry Analveis Sumnery

Well Constituent Neme Units Avciage Hinlzum Maximm Total =~ D.l.
699-49-55A Selenium, filtered ppb [ 4.2 2.8 6 | 4 3
699-49-55A Silver ppb | 14.2 4.0 61 | 8 7
699-49-55A Silver, filtered ppb | 8.5 4.0 10 | é 4
699-49-55A Sodium ppb | 35083.3 30200.0 38100 | 12 12
699-49-55A Sodium, filtered ppb | 43236.4 37200.0 48700 | 1 1
699-49-55A Specific conductance umhos | 572.6 278.0 855 | 14 14
699-49-55A Strontium, filtered ppb | 397.3 311.0 487 | 9 9
699-49-55A Strontium-90 pCi/L | .2 1 1| 9 8
;*: 699-49-55A Styrene peb | 7.5 5.0 10 I 2 1
=5 699-49-55A Sulfate ppb l 126700.0 106000.0 144000 | 10 10
b 699-49-55A sulfate ppm | 108.0  108.0 108 | 1 1
s 699-49-55A Technetium-99 pCi/L | 4949.4 125.0 12500 | 5 5
co)  699-49-55A  Temperature, field DegC | 17.4 15.0 19 % 1
(73 599-49-55A Tetrachloroethene peb | 6.3 5.0 10 | “ 2
i 69Y-49-55A Thallium S ; 2.4 2.0 5 | 7 6
LN 699-49-55A Thallium, filtered ppb | 3.5 2.0 ! 2 i
699 -49- S5A Toluene ppb | 6.3 5.0 10 I 4 2
699-45-554 Total Carhon peb N 254ch." 21600.0 25600 | 5 5
699-49-55- Total Organic Carbon peb | 440.0 *an.0 200 | 4 3
699-49-55A Total Organic Halogen ppb | 3.0 o 6 | 2 1
699-49-55A Tributylphosphoric Acid ppb | 10.0 10.0 10 | 2 1
699-49-55A Trichloroethene ppb | 6.3 5.0 10 | 4 2
-49-55A . Trichloromethanethiol ppb | 10.0 10.0 10 | 2 1
699-49-55A Trichloromonof luoromethane ppb | 10.0 10.0 10 | 2 1
699-49-55A Tritium pCi/L | 6114.8 783.0 14800 | 16 16
699-49-55A Uranium pci/t | 2.9 2.0 4 | 10 10
699-49-55A Vanadium prb | 22.7 0 | 1" b
699-49-55A vVanadium, filtered ppb | 14.1 8.0 32 | 7 7
699-49-55A Yinyl chloride ppb | 10.0 10.0 10 | 2 1
699-49-55A Xylenes (total) ppb | 6.3 5.0 10 | 4 2
699-49-55A 2inc ppb | 8.1 4.0 18 | 9 8
699-49-55A Zinc, filtered ppb | 7.2 3.0 1% | 9 7
699-49-55A cis-1,3-Dichloropropene ppb | 7.5 5.0 10 | 2 1
699-49-55A pH pH | 8.0 7.0 9 | 21 21
699-49-55A trans-1,2-Dichloroethylene ppb | 10.0 10.0 10 | 2 1
699-49-55A trans-1,3-Dichloropropene ppb | 7.5 5.0 10 | 2 1
699-49-55A trans-1,4-dichloro-2-butene ppb | 10.0 10.0 10 | 1
699-50-53A 1,1,1,2-Tetrachloroethane ppb | 10.0 10.0 10 | 2 1
699-50-53A 1,1,1-Trichloroethane ppb l 6.3 5.0 10 l 4 2
699-50-53A 1,1,2,2-Tetrachloroethane ppb | 10.0 10.0 10 | 2 1
699-50-53A 1,1,2-Trichloroethane ppb ] 6.3 5.0 10 | 4 2
699-50-53A 1,1-Dichloroethane ppb | 8.8 5.0 10 | 4 2
699-50-53A 1,1-Dichloroet| » ppb | 8.8 5.0 10 | 4 2
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vssults Sur-iry Analysis Summary

Well Lonstituent me Units Averaye Mir‘am Moximum Total > D.L.
699-50-53A Bromoform ppb | 8.8 5.0 10 | 4 2
699-50-53A Cadmium ppb | 4.3 3.0 7 | 6 5
699-50-53A Cadmium, filtered ppb | 3.7 2.0 10 | 7 5
699-50-53A Calcium ppb | 181741.4 297.0 285000 | 12 12
699~50-53A Calcium, filtered ppb | 227183.3  31200.0 289000 | 12 12
699-50-53A Carbon disulfide ppb | 8.8 5.0 10 | 4 2
699~50-53A Carbon tetrachloride ppb | 6.3 5.0 10 | 4 2
699-50-53A Cerium/Praseodymium- 144 pCi/L ] 17.8 .1 36 | 2 1
699-50-53A Cesium-134 pCi/L | 1.1 A r 2 1
699-50-53A Cesium-137 pCi/L | 1.6 .1 6 | 15 13
699-50-53A Chloride ppb | 37050.0 31900.0 48000 | 12 12
699-50-53A Chloride ppm | 38.1 38.1 38 | 1 1
699-50-53A “hlorchenzene ppb | 8.8 5.0 10 | 4 2
699-50-53A Chiaroeti~e ppb l 10.0 10.v 10 | Qe 1
699-50-53A Chlorurorm ppb | o, 5.0 10 | A 2
699-50-53A Chloromethyl meuyl ether ppb | 10.0 1.0 SO 2 1
6.:2-50-53A Chromium ppb | 22.0 6.0 90 11 N
699-5C-53A Chromicvm, filtered w | 9.7 3.0 20 | 8 <
699-50-53A Cobalt PPL ! 5.0 7.0 50 < 5
699-50-53A Cobalt, filtered ppb ] 13.0 4.0 20 | 4 2
699-50-53A Cobalt-60 pCi/L | 371.8 41.5 532 | 15 15
699-50-53A Copper ppb | 25.7 7.0 107 | 7 7
699-50-53A Copper, filtered ppb | 10.4 6.0 20 | 7 5
699-50-53A Crotonaldehyde ppb l 10.0 10.0 10 [ 2 1
699-50-53A Cyanide ppb | 769.6 110.0 2710 | 24 24
699-50-53A Cyanide, filtered ppb | 782.2 110.0 1690 | 18 18
699-50-53A Di-n-butylphthalate ppb | 2.0 2.0 2 | 1 1
699-50-53A Dibromochloromethane ppb | 7.5 5.0 10 | 2 1
699-50-53A Dibromome thane ppb | 10.0 10.0 10 | 2 1
699-50-53A Dichloreodifluoromethane ppb | 10.0 10.0 10 | 2 1
699-50-53A Diethylarsine ppb | 10.0 10.0 10 | 2 1
699-50-53A Ethyl methacrylate ppb ] 10.0 10.0 10 | 2 1
699-50-53A Ethylbenzene ppb | 7.5 5.0 10 | 2 1
699-50-53A Ethylene oxide ppb | 3000.0 3000.0 3000 | 2 1
699-50-53A Europium-154 pCi/L | 1.3 .1 2 | 2 1
699-50-53A Europium-155 pCi/L | 1.2 -1 2 | 2 1
699-50-53A Fluoride ppb | 1433.3 1000.0 1700 | 3 3
699-50-53A Fluoride pem | 1.8 1.8 2 | 1 1
699-50-53A Fluorine ppb | 477.8 250.0 1020 | 18 17
699-50-53A Formeldehyde ppb | 500.0 500.0 500 | 2 1
699-50-53A Gross alpha pei/L | 4.2 .8 9 | 22 20
699-50-53A Gross beta pcis/L | 2257.9 424.0 3220 | 22 22
699-50-53A Hexachlorobenzene ppb | 10.0 10.0 10 | 2 1
699-50-53A Hexachlorophene PR | 10.0 10.0 10 | 2 1

7-50-53A Hydrogen sulfide ppb | 10.0 10.0 10 2 1
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Constituent Ner.

..............................

Specific conductance
Strontium, filtered
Strontium-90

Styrene

Sulfate

Sulfate

Technetium-99
Temperature, field
Tetrachloroethene
Thallium

Thatlium, filtered

Tin, filtered

Toluene

Total Carbon

Total Organic Carbon
Totsl Organic Halogen
Tribur \phosphoric Ac::!
Trichloroe*.. <
Trichloromethe et il
Trichloromonofluoromethane
Tritium

Uranium

U um-234

Uranium-235

Uranium-238

Venadium

Venadium, filter

Vinyl chloride

Xylenes (total)

2inc

2inc, filtered

2inc-65
Zirconium/Niobium-95
cis-1,3-Dichloropropene
pH
trans-1,2-Dichloroethylene
trans-1,3-Dichloropropene
trans-1,4-dichloro-2-butene

1,1,1-Trichloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethane
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1622.1
1009.0
.2

7.5
406384 .6
498.0
14634 .6
17.5
6.3
5.7
3.5
65.0
6.3
15650.0
n7.3
(778
10.0
6.3
10.0
10.0
3220.7
5.3
2.4

.1

2.0
31.7
9.1
10.0
6.3
14.3
10.5
4.3
16.6
7.5
7.7
10.0
7.5
10.0

7.5
7.5
7.5
7.5
7.5

Minimum

--------

130.0
944.0
.0
5.0
380000.0
498.0
391.0
16.6
5.0
2.0
2.0
30.0
.0
14600. ¢
400.0
4.7
10.0
k.0
10.C
10.0
470.0
3.8
2.4
.
2.0
10.7
5.0
10.0
5.0
6.0
6.0
A
12.5
5.0
7.0
10.0
5.0
10.0

5.0
5.0
5.0
5.0
5.0

Maximum

2450
1150
0

10
450000
498
32700
19

10

20

5

100
10
17200
700

10
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Results Summary ~nalysis Summary

Wel? Constituent Nam: Units Average Minimum Maxiriia Total > D.L.
699-52-54 Mercury, filtered ppb | .2 .1 0 | 2 1
699-52-54 Methyl bromide ppb | 10.0 10.0 10 ] 2 1
699-52-54 Methyl chloride ppb | 10.0 10.0 10 | 2 1
699-52-54 Methyl ethyl ketone ppb | 10.0 10.0 10 l 2 1
699-52-54 Methylene chloride ppb | 13.5 2.0 25 | 2 2
699-52-54 Nickel ppb | 17.3 10.1 S | 8 7
699-52-54 Nickel, filtered ppb | 8.5 7.0 10 | 2 1
699-52-54 Potassium ppb | 9467.0 8580.0 10400 ] 10 10
699-52-54 Potassium, filtered ppb | 8535.0 8080.0 8990 | 2 2
699-52-54 Selenium ppb | 10.8 7.5 13 10 10
699-52-54 Selenium, filtered ppb | 11.1 9.6 13 2 2
699-52-54 sit pob : 7.7 4.0 10 | 6 5
699-52-54 Silver, filtered ppt | 5.5 4.0 2 | 2 D
699-52-54 scdium ppb | 380.,*..0 35100.0 40800 ; w 10
699-52-54 Sodium, filtered ppb . 36500.. 36500.0 36500 I 2 2
699-52-54 Specific conuus*ance umhos | 666.6 573.0 829 | N N
699-52-54 Styrene Job ; 7.5 k.0 10 | 2 1
~. -52-54 ~c-oerture, field Dl I 177 17.¢ 19 | 5 5
69y 52-I- Tetrachlor o: thene ppb | 7.5 5.0 10 | 2 1
699-52-54 Thatlium ppb | 2.5 2.0 5 | 6 5
699-52-54 Thallium, filtered ppb | 3.5 2.0 5 | 2 1
699-52-54 Toluene ppb | 7.5 5.0 10 2 1
699-52-54 Trichloroethene ppb | 7.5 5.0 10 2 1
699-52-54 Vanadium ppb | 26.7 8.0 43 | 10 9
699-52-54 Vanadium, filtered ppb | 21.7 8.0 35 | 2 1
699-52-54 Vinyl chloride ppb I 10.0 10.0 10 2 1
699-52-54 Xylenes (total) ppb | 7.5 5.0 10 | 2 1

54 Zinc - | 16.9 6.1 6 | 10 10
.4 Zinc, filtered ppb | 5 5.2 6 | 2 2
699-52-54 cis-1,3-Dichloropropene ppb | 7.5 5.0 10 | 2 1
699-52-54 pH pH | 7.8 7.0 8 | 7 7
699-52-54 trans-1,3-Dichloropropene ppb | 7.5 5.0 10 | 2 1
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